This study observed adsorption of selected organic species from the aqueous solution, EDTA and H 2 C 2 O 4 , at 283, 293 and 303 K. The adsorbent used was synthetic zeolite NH 4 BETA, product of the American company Zeolyst International, with the mole ratio of SiO 2 /Al 2 O 3 = 25.00, for the purpose of examining its physical-chemical characteristics and obtaining more thorough information on the adsorption capacity and active centers, as well as for its potential application in purification of wastewaters from the organic pollutants. Results proved that adsorption of the adsorbates, under the same experimental conditions, was multi-layer physical, being stronger expressed when the adsorbate was oxalic acid, which is logical enough since its molecule is a lot smaller and of a simpler structure compared to the big molecule of EDTA.
INTRODUCTION
Organic matters, which are toxic and are not biodegradable, often appear as polluters of surface and ground waters, and they represent an increasing danger for human health and preservation of life environment (Krsmanovic, et al., 2010) . Because of that, the adsorbates selected in this study are organic acid species, EDTA and H 2 C 2 O 4 , which can get into waste waters of the textile industry, cellulose and paper industry, food industry, production of cosmetic and pharmaceutical products, etc. Nowadays more attention is paid to purification of waste waters by using old and designing new methods for removal of harmful components that have different physicalchemical characteristics (Penavin-Skundric et al., 2012; Sladojevic et al., 2013; Skundric et al., 2004) . Adsorption is one of the most frequently used methods thanks to its performance simplicity, as well as efficiency, and to the greatest extent it is determined by adsorbent characteristics, in terms of finding adsorbents of high selectivity, adsorption capacity and ecological acceptability (De Haro-Del Rio et al., 2018; Greg and Sing, 1982; Inglezakis, 2010; PenavinSkundric et al., 2013; Sucurovic, 2017) . A good choice are zeolites, since due to their unique characteristics they meet the mentioned requirements (Baerlocher, 2013; Chuaykleang and Ratanawilai, 2014; Dyer, 1988; Hernández et al., 2017; Krisnandi et al., 2015; Rakic et al., 2003; Sladojevic et al., 2014; ) , and also have the ability of regeneration and repeated use in many cycles. This study observed adsorption of EDTA and H 2 C 2 O 4 from the aqueous environment on the synthetic zeolite NH 4 BETA, with the purpose of obtaining more complete information on the adsorption capacity of this zeolite, as well as on its potential use in purification of waste waters from the organic polluters. Balance systems of adsorbent/adsorbate were described by the Freundlich adsorption isotherm. Obtained results showed that adsorption was more strongly expressed when oxalic acid was used as an adsorbate.
MATERIAL AND METHODS
Adsorbent used was NH 4 BETA zeolite (type BEA; mark: CP814E), a product of the American company Zeolyst International, which was before the use thermally processed at the temperature of 378 K up to the constant mass. Methods used for the characterization of this adsorbent were scanning electron microscopy, infrared spectroscopy with Fourier transformation and BET-method. Basic characteristics of the adsorbent are presented in table 1. 
RESULTS AND DISCUSSION
Results of observing the adsorption of EDTA from the aqueous environment on NH 4 BETA zeolite are presented graphically as the functional dependence of the quantity of adsorbed EDTA (mole) per unit of adsorbent mass (g) and balance concentration of EDTA (c balan. .) and as the functional dependence of ln x/m on ln c balan . (Figures 3-5 ).
Figures from 6 to 8 graphically present results of observing adsorption of H 2 C 2 O 4 from the aqueous environment on NH 4 BETA zeolite as the functional dependence of the quantity of adsorbed oxalic acid (mole) per unit of adsorbent mass (g) and balance concentration of oxalic acid (c balan. ) and as the functional dependence of ln x/m on ln c balan. . 
Figure 6b. Functional dependence ln x/m of ln c balan. for the system of H 2 C 2 O 4 -NH 4 BETA (283 K).
Original sample of NH 4 BETA was electronically recorded (Figure 1) , where micro/nano porous structure of this zeolite can be noticed. Figure 2 presents FTIR spectrum of NH 4 BETA zeolite with marked assignation bands. On the spectrum there can be noticed absorption bands characteristic for this zeolite (Man et al., 2004; Trombetta et al., 2000) . Examination of several synthetic zeolites from group MFI, MOR and FAU for removal of compounds of benzene derivatives from the aqueous solutions proved that those were a promising material for purification of waste waters from organic polluters (Chuaykleang and Ratanawilai, 2014; Krisnandi et al., 2015; Levi et al., 2014; Sladojevic et al., 2014; Trombetta et al., 2000) . Also, adsorbents that could be used for that purpose are high-silica zeolites of group BEA, with big porousness and high value of specific surface. Their active surface, unlike low-silica and mid-silica zeolites (adsorbents), is more homogenous with organophilic and hydrophobic selectivity, that is why BETA zeolites are more adequate adsorbents for poorly polar organic components, and less adequate for water. Values of molar ratio SiO 2 /Al 2 O 3 are the data showing acidity of the surface of aluminosilicate and for NH 4 BETA it amounts to 25.00, which shows a bigger acidity of the surface of this zeolite compared to Y or 4A zeolite. BETA zeolites possess active centers of different intensity as regards Lewis and Brönsted acidity (Bodroza et al., 2015; Peulić D., 2018; Sarti et al., 2017; Sladojevic et al., 2016; Tomizawa T., et al., 2008; ) . Adsorption capabilities of NH 4 BETA zeolites for selected organic adsorbates, EDTA and H 2 C 2 O 4 , were examined exactly for that purpose. Based on the obtained results, presented by adsorption isotherms for both adsorbates, one can notice that curves go through several plateaus, which according to the form belong to S4 type in line with the classification given by Giles and associates (Giles et al., 1960) , which is characteristic for a multi-layer physical adsorption, except for EDTA at 303 K where one plateau is registered. Adsorption taking place in several plateaus also indicates that NH 4 BETA zeolite as adsorbent contains mesopores and that adsorbate molecules get tied up by poor Van der Waals bonds to active surface centers. This is also indicated by the calculated values of adsorption heats, ∆ ads H m , which range in the interval from -1.8350 kJ/ mol to -4.1885 kJ/mol (Table 2) . By reviewing the values of the constant k, which shows the interaction of adsorbent-adsorbate, one can conclude that the interaction between both one and the other adsorbate and NH 4 BETA is mostly distinct at 283 K. Discussed based on the value of the constant n ranging in the interval from 0.78 to 1.72 for EDTA and from 0.99 to 1.47 for H 2 C 2 O 4 , one can make a conclusion that the affinity of both adsorbates towards the adsorbent exists (they are of a similar nature), but adsorption of oxalic acid is more distinct considering the adsorbed quantity, which is pretty logical since it is a smaller molecule of a simpler structure compared to a complex structure of a big molecule of EDTA. Therefore for oxalic acid there were more accessible centers on the surface of NH 4 BETA zeolite, the molecules of which most probably got tied up by protons to the network hydroxyl group that in this case act as Brönsted bases.
CONCLUSIONS
Adsorption of EDTA and H 2 C 2 O 4 was observed from the aqueous solution on NH 4 BETA zeolite (group BEA, mark: CP814E) as adsorbent in the temperature interval from 283 to 303 K for the purpose of obtaining complete information on active surface centers responsible for adsorption based on the acid-base and other characteristics of the adsorbate itself. Based on adequate adsorption parameters, constants k and n and heat of adsorption, ∆ ads H m , as well as the quantities of adsorbed substances, one can conclude that adsorption is physical, which means that molecules of both adosrbates got tied up to the surface of NH 4 BETA only by poor Van der Waals forces. Quantity of adsorbed substance per unit of adsorbent mass is significantly bigger for H 2 C 2 O 4 at all temperatures at which adsorption was observed, so one can conclude that centers for adsorption were more accessible for the adsorbate of a simpler structure, smaller molecule of oxalic acid, compared to a big molecule of EDTA, which is of a more complex (ramified) structure.
